Background: This study was designed to investigate the early outcomes after surgical treatment of malignant large bowel obstruction (MBO) and to identify risk factors affecting operative mortality. Methods: Data were prospectively collected from 1046 patients with MBO by 294 surgeons in 148 UK hospitals during a 12-month period from April 1998. A predictive model of in-hospital mortality was developed using a 3-level Bayesian logistic regression analysis. Results: The median age of patients was 73 years (interquartile range 64 -80). Of the 989 patients having surgery, 91.7% underwent bowel resection with an overall mortality of 15.7%. The multilevel model used the following independent risk factors to predict mortality: age (odds ratio ͓OR͔ 1.85 per 10 year increase), American Society of Anesthesiologists grade (OR for American Society of Anesthesiologists grade I versus II,III,IV-V ϭ 3.3,11.7,22.2), Dukes' staging (OR for Dukes' A versus B,C,D ϭ 2.0, 2.1, 6.0), and mode of surgery (OR for scheduled versus urgent, emergency ϭ 1.6, 2.3). A significant interhospital variability in operative mortality was evident with increasing age (variance ϭ 0.004, SE ϭ 0.001, P Ͻ 0.001). No detectable caseload effect was demonstrated between specialist colorectal and other general surgeons. Conclusions: Using prognostic models, it was possible to develop a risk-stratification index that accurately predicted survival in patients presenting with malignant large bowel obstruction. The methodology and model for risk adjusted survival can set the reference point
M alignant large bowel obstruction (MBO) is a high-risk condition, which occurs in 15% of patients presenting with colorectal cancer. 1, 2 It is associated with a high postoperative morbidity and mortality and has a poor 5-year survival. 3, 4 Population studies 5, 6 have shown that 25% of all postoperative deaths after surgery for bowel cancer occur in patients who present with bowel obstruction. It therefore provides an ideal condition in which to study the general problem of quantifying surgical risk according to case-mix, including the preoperative morbid state of the patient. There is increasing emphasis on objective assessment and transparency of clinical outcomes with the intention of comparison between hospitals and clinicians. 7, 8 Such assessments can be truly objective only if careful adjustment for patient risk factors is undertaken.
The present study was set up by the Association of Coloproctology of Great Britain and Ireland to investigate the results of surgery for malignant large bowel obstruction and to present broad, overall benchmarks by which future standards may be set. The study was also used to identify risk factors that determine postoperative survival of patients with MBO and to develop a risk-stratification system to be used as an adjunct to the process of informed consent.
METHODS
The MBO study was undertaken during a 1-year period from April 1998 to March 1999. The participating surgeons and their teams, who joined the study on a voluntary basis, collected prospective data locally. A 2-side A4 proforma was used to collect data, which included demographic details, preoperative assessment and clinical staging, the nature of surgical treatment, postoperative course, and pathology. Proformas were returned centrally and data entered into a Microsoft Access 2000 (Microsoft Corporation, Redmond, WA) database for analysis.
Target Population
Patients undergoing surgery for MBO, including palliative or diagnostic procedures, using general or regional anesthesia. MBO was defined as clinical or radiologic evidence of distended large and/or small bowel secondary to colorectal cancer and presenting as an emergency.
Outcomes
Primary outcome was in-hospital postoperative mortality, defined as death during the same hospital admission as the operation, regardless of cause. Secondary outcome included the length of hospital stay measured in days and defined as the time from the date of the main operative procedure to the discharge date or death. The patient and procedural risk-factors included: (1) age; (2) gender; (3) American Society of Anesthesiologists (ASA) grade; (4) surgical procedure categorized according to the OPCS4 system; 9 (5) operative urgency classified as emergency, urgent, scheduled or elective according to the National Confidential Enquiry into Perioperative Deaths (NCEPOD) classification; 10 (v6) cancer staging according to the clinical findings and histologic Dukes' classification for Colorectal cancer; 11 (7) timing of surgery during a twenty 4 hour period; (8) whether the cancer was excised; (9) grade of operating surgeon (10) consultant ACPGBI membership. Each risk-factor was assigned a "reference" category which represents the subcategory with the lowest impact on in-hospital mortality (odds ratio of 1): eg, age Յ 65 years for "age group" or scheduled surgery for "operative urgency" as shown in Table 1 .
Statistical Analysis
Unifactorial logistic regression was used to identify risk factors for in-hospital operative mortality. Continuous variables such as age were categorized into appropriate subgroups representing age strata of increasing operative risk. A three-level hierarchical logistic regression model was used for identifying independent risk factors of operative mortality and their interactions terms, as well as adjusting for the clustering of adverse outcomes within individual hospitals. The initial model estimates were derived using a second order penalized quasi likelihood estimation. 12 Subsequently, a Bayesian approach was used, utilizing diffuse priors (Gamma (⑀,⑀) prior distribution, where ⑀ was set to 0.001) and the Gibb's resampling method with 50,000 iterations to calculate confidence limits and to correct bias in the parameter estimation. 13 The probability of operative mortality (log it y ijk ) of patient i, operated by surgeon j, in hospital k was calculated using by the equation shown in Figure 1 . This technique provided separate risk-models and prediction lines to fit each individual surgeon at each hospital. A special weighted average of these models, so called "random effect" model was then used to derive the composite MBO model. The performance of the MBO model was evaluated by measures of calibration, discrimination and subgroup analysis. Calibration or goodness-of-fit refers to the ability of the model to assign the correct probabilities of outcome to individual patients and was measured by the Hosmer-Lemeshow statistic.
14 Model discrimination refers to the ability of the model to assign higher probabilities of death to patients who actually die compared with those who live. This was measured by the area under the receiver operator characteristic curve or c-index. 15 The ratio of the observed to expected operative mortality rate for each unit was multiplied by the mean overall operative mortality from the pooled data from all hospitals to derive the unit risk-adjusted operative mortality rate.
Software
The following statistical software packages were used to develop the risk model 
RESULTS

Patients, Surgeons and Hospitals in the Study
A total of 294 surgeons from 148 hospitals contributed 1046 cases to the study. Data analysis was based on 989 (94.6%) of 1046 patients satisfying the inclusion criteria. Excluded from the analysis were patients managed without surgery (n ϭ 13) and patients whose operative mortality was not recorded (n ϭ 44; 0.4%).
The median number of cases per center was 6 (range 1 to 41) and the median number of cases per consultant was 3 (range 1 to 19). The average age of male patients was 69.7 years (range 21 to 93 years) and of female patients 72.9 years (range 22 -99). The median length of hospital stay was 14 days (range 1-141 days). Demographic characteristics and postoperative mortality for the various patient related risk factors are shown in Table 1 with their unadjusted odds ratios calculated relative to each risk factor's reference category.
cal-axis. The median regression line for the study population was superimposed on the prediction lines for individual hospitals. Increasing age was shown to be associated with a higher operative mortality among the strata of operative urgency, with adjusted odds ratio of 1.85 per 10 years increase in age, confidence interval 1.52-2.26. 
Variation of Postoperative Mortality by Age, ASA Grade, and Operative Urgency
This is shown in Figure 3 . Operations performed on an urgent or emergency basis were associated with a higher operative mortality in all 4 ASA strata compared with scheduled operations having adjusted for age, ASA and unit effect.
Identification of Independent Risk Factors
In the MBO model, 4 risk factors were found to be independent predictors of operative mortality. Their adjusted odds ratios and 95% confidence intervals are shown in Table  1 . Cancer excision, timing of surgery and type of operative procedure did not appear to confer any added advantage by introducing them into the model. On further testing no significant first order interactions between the risk factors were identified in the dataset. The model fitted the data well (calibration Hosmer-Lemeshow statistic; 2 ϭ7.606, 8df, P ϭ 0.473), and had adequate discriminant ability (area under the receiver operator characteristic curve 0.801, standard errorϭ0.019). The MBO model-predicted operative mortality for 6 types of operative procedures, was well within the confidence limits of the observed outcome as shown in Figure  4 . (Hosmer-Lemeshow statistic: 3.21, 5df, P ϭ 0.668). No significant differences were obtained between the observed and expected mortality rates among the strata of age, ASA, Dukes' stage and urgency of the procedure.
Comparison Between Hospitals and Surgeons
A greater variation in operative mortality was evident in the elderly patients between centers. With increasing age, the individual hospital prediction lines diverged away from the average prediction line for both elective and emergency procedures (Fig. 2) . The between-hospital variability for the line gradient or slope, was formally tested by the level-3 variance and was found to be statistically significant. interhospital variability was demonstrated for the line intercepts or constants ( v1 2 ϭ 0.024, SE 0.030, 2 ϭ 0.346, 2df, P ϭ 0.556). In hospital mortality was also compared between consultant surgeons who were members (cases 545) and nonmembers (cases 444) of the ACPGBI. The median number of operated cases per ACPGBI member was 4 (range 1 to 19) compared with 2 (range 1 to 11) for nonmembers. There was no difference in the adjusted operative mortality rate between the 2 groups.
DISCUSSION
Patients with MBO are biologically a continuum ranging from complete obstruction to an incidental finding at elective operation with fecal loading in a nondilated bowel proximal to a tight stricture and outcomes may vary greatly, according to the degree of obstruction. In the present study, the definition of MBO was first presentation of a colorectal cancer as an emergency with radiologic or clinical evidence of distended large and / or small bowel as suggested by Fielding et al. 16 The study was conducted on a voluntary basis in hospitals scattered throughout the UK. Since these units were not selected at random, inferences about how representative the outcomes are of the overall UK population cannot be made. However, outcome results were similar to the total population studies in Wessex, 5 Trent and Wales. 6 A relatively new statistical method called hierarchical regression analysis was adopted to develop the MBO model. This method is particularly useful in modeling observations that have a hierarchical or clustered structure. Such data are routinely found in various fields, such as patients within hospitals 17, 18 or pupils within schools. 19 Older approaches tend to simply ignore the hierarchical structure of the data, performing the analysis by disaggregating all the data to the lowest level and subsequently applying standard methodologies. The penalty for ignoring the clustered nature of patients within hospitals is that the standard error of the regression coefficients, which describes the performance of each hospital, is lower. 20 Nonhierarchical models are unable to allow for the distorting potential of small numbers of operated cases, deprived catchment populations and other possible risk factors. Such units may be divergent or under-perform by chance, rather than provide suboptimal care. Hierarchical models work on the basic principle that the true performance rates for different centers are drawn from a normal distribution and, as a consequence, the performance rate (unit coefficient) of each hospital is weighted according to the number of cases submitted. This may allow for risk factors, which may be specific to an individual center, such as deprivation. The unit coefficients are therefore shrunk towards the population mean with greater shrinkage for smaller centers. The shrinkage attempts to simulate the regression to the mean, thus providing a more realistic and accurate estimate of long-term performance.
The use of operative mortality to compare quality of care between providers demands comprehensive, accurate and reliable information that is clinically valid. At present, data quality was limited by the observational nature of the study. Implementation of such prediction systems within hospitals should lead to an increased awareness in the use of such data, with subsequent improvement in the quality of the data collection.
It is no longer safe to define standards such as postoperative mortality in terms of a single number without adjustment for risk factors. The present study demonstrated that although the average postoperative mortality was 16.5% (95% confidence interval 14.3-18.9), it ranged from 1.0% in a fit 60-year-old having a curative right hemicolectomy, to near 50% in an 80-year-old ASA III patient having a palliative left hemicolectomy. This separation of patients according to risk is becoming increasingly important, particularly in elderly patients, when the benefits of surgery may be outweighed by the risk. Difficult clinical decisions may be easier if the MBO model is applied in the preoperative setting to provide patients with an estimated numerical probability of survival as part of the counseling and decision-making process of informed consent. This is relevant as the recent advances in colonic stenting offers an alternative definitive treatment to potentially high-risk surgery. In the present study we identified 4 important predictors of outcome, namely age, ASA grade, operative urgency and Dukes' staging which are in agreement with previously published work.
2,4,21 Using unadjusted and risk-adjusted outcomes, we demonstrated that the mortality following surgery for MBO was similar between ACPGBI and non-ACPGBI members and between hospitals. This can be used to reassure the public and health providers that immediate survival after surgery for MBO is not greatly affected by these factors.
CONCLUSIONS
The present study is an example of the means by which a professional body can conduct outcomes research at a national level. We demonstrated the feasibility of central data harvesting using precise definitions to ensure standardization and uniformity of data collection. Hierarchical regression analysis identified factors that were most important in determining mortality of patients with obstructed colorectal cancer and provided accurate risk-adjusted outcomes.
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